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Abstract
The Active Constellation Extension (ACE) based on clipping technique is a lossless, simple and attractive Peak-to-Average Power
Ratio (PAPR) reduction technique. However, we observe it cannot achieve the minimum PAR when the target clipping level
is set below an initially unknown optimum value. To overcome this low clipping ratio problem, a novel ACE algorithm with
adaptive clipping control is proposed in this paper. First, an adaptive strategy is used to control the size of clipping level ‘A’.
Secondly, a novel step factor considering the possible overlap, is adopted to complete iterative computations in order to increase
the convergence speed. Simulation results verify that the modiﬁed algorithm has reduced the PAPR and improved the convergence
speed signiﬁcantly without side information and without any extra processing at the receiver end.
c© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Organizing Committee of ICACC 2016.
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1. Introduction
Orthogonal Frequency Division Multiplexing (OFDM) is a representation of Multicarrier Modulation(MCM) trans-
mission scheme, and is used in both wireless and wired telecommunication over broadband channels1. Implementa-
tion of the OFDM system uses rectangular pulse shaping on each subcarrier, which leads to relatively serious out-of-
band radiations. Besides, the utilization of the cyclic preﬁx (CP) will reduce the spectral eﬃciency and transmission
data rate. In order to overcome the short comings of the OFDM systems, the OFDM with oﬀset Quadrature amplitude
modulation technique has drawn signiﬁcant interests in recent years2,3. Unlike OFDM, the OFDM/OQAM multi-
carrier provide higher spectral eﬃciency and lower narrow band interference since it operates without CP4.Finally
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based on the above advantages, the OFDM/OQAM technology is being proposed for the physical layer of wireless
communication system5,6,7.
However, OFDM/OQAM system has many advantages over OFDM, it still suﬀers from high PAPR of the trans-
mitted OFDM/OQAM signals,which leads to saturation of the High Power Ampliﬁers(HPA)8.As, OFDM/OQAM and
OFDM has similar characteristics, most research has been focused on employing the conventional PAPR reduction
techniques for OFDM systems in the OFDM/OQAM systems. Existing PAPR schemes of OFDM include clipping,
Decision-Aided Reconstruction Clipping, Coding, Partial Transmit Sequence(PTS), Selective Mapping(SLM), Com-
panding Transform, Tone Reservation(TR), Active Constellation Extension(ACE) which was discussed in9,10,11,12. As
the ﬁltered OFDM/OQAM signals overlap with adjacent data blocks, it is not eﬃcient to employ these algorithms into
the OFDM/OQAM systems directly.
In recent years, several schemes for the PAPR reduction, speciﬁcally in the OQAM/OFDM systems have been
proposed. The ACE based methods of the OFDM/OQAM system was discussed in13,14, and much like SGP ACE
method for OFDM, an SGP type implementation can be extended to OFDM/OQAM systems, if the overlapping
nature is exploited. A practical clipping based ACE as discussed in13, cannot determine the optimal target clipping
level.
In practical applications, some approximation algorithms,such as Projection On to Convex Sets (POCS), Single
Scale Smart Gradient Projection and Overlapped Scale Smart Gradient Projection for OFDM/OQAM signals are
exploited by considering the possible overlap as discussed in13. The POCS algorithm can approximate the optimal
results in theory, but this algorithm involves Inverse Fast Fourier Transform (IFFT) and Fast Fourier Transform (FFT).
So multiple iterations will lead to excessive computations and very slow convergence speed, which is not applicable
to real-time system. The Single Scaling SGP method scales the clipped signal, which spans the entire symbols,by a
single scaling factor.But in the OSGP algorithm the impact of individual symbols is considered. The OSGP algorithm
ampliﬁes the clipping value at each clipping operation by introducing the step factor μ, which can speed up the
convergence speed of the algorithm. However, to determine the step factor μ by considering the possible symbol
overlap in the algorithm is a critical issue. The value directly aﬀects the convergence speed and the PAPR depression
eﬀect: the very small μ will slow down the convergence speed and very large μ will cause the peak regeneration.
In the view of the above analysis, a novel algorithm for PAPR reduction, which is the combination of ACE-OSGP
algorithm with Adaptive Clipping algorithm, is proposed in this paper. The main idea of this algorithm is adjusting
the size of clipping level by using adaptive strategy in order to reduce PAPR, and then using a novel step size μ in each
iterative calculation. Compared with13, N multiplication operations are reduced in each iteration of each symbol, so
the convergence speed has been greatly improved in the proposed algorithm. The simulation results verify that the
algorithm not only reduce the PAPR eﬀectively, but also has the minimal impact on the BER of system.
2. OFDM/OQAM SYSTEM AND ACE TECHNIQUE
2.1. Characterization of OFDM/OQAM System
As shown in Fig.1, the baseband modulated OFDM/OQAM system is considered with N subcarrier, real valued
symbols modulated by Oﬀset QAM are transmitted on each sub-carrier, and then the transmitted signal can be written
as
x(n) =
M−1∑
m=0
N−1∑
k=0
Xkm h(n − m
N
2
)e j
2πk
N ne jφ
k
m︸︷︷︸
hkm(n)︸︷︷︸
xm(n)
(1)
where 1/N denotes the subcarrier spacing, M represents the number of input data block, Xkm is a real valued symbol
at the time frequency index (m, k) with N/2 as symbol interval. Xk2δ and X
k
2δ+1 (δ ∈ Z) are the real and imaginary parts
of the staggered complex QAM symbol. h(n) is the prototype ﬁlter impulse response with length LN(L ∈ Z). Thus,
the length of OFDM/OQAM transmitted signal length is (L + M − 1)N.
Since the OFDM/OQAM signals are overlapped with adjacent data blocks due to the bank of ﬁlters and the time
oﬀset between the real and imaginary parts as shown in Fig.2, the conventional deﬁnition of PAPR for OFDM systems
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Fig. 1. OFDM/OQAM System Model
Fig. 2. OFDM/OQAM symbols Overlapping structure
no longer match perfectly to the OFDM/OQAM systems. Thus we divide the time domain OFDM/OQAM signals
into intervals (M + L) equally with the time duration N. then, the PAPR of each interval is
PAPRq =
max
qN≤n≤(q+1)N−1
|x(n)|2
E[|x(n)|2] , q = 0, 1, ..,M + L − 1 (2)
where E[.] denotes the expected value operation.
2.2. ACE techniques
ACE is an eﬀective scheme to reduce high PAPR in multicarrier communication without any extra side information
in transmission. Mathematically, we can formulate an ACE minmax PAPR problem as
min
C⊂Cs
max|x˜(n)2| (3)
where
x˜(n) = x(n) + c(n) =
N−1∑
k=0
M−1∑
m=0
(Xkm +C
k
m)h(n − m
N
2
)e jkn
2π
N (4)
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Fig. 3. Principle Block Diagram of the Proposed Algorithm
x˜(n) represents the signal after reducing PAPR, C represents the set of extension vectors,Cs represents the con-
strained space of allowable ACE vectors, c(n) represents the clipping signal and Ckm represents the extension of the
constellation points. Three ACE techniques, the POCS method, single scale SGP and the Overlapping SGP method
are introduced in13. The basic idea of the OSGP technique is to generate the clipping signal for PAPR reduction, by
projecting the in-band noise into the feasible extension area while removing the out-of-band distortion by considering
the possible ﬁltered data blocks overlap. Thus, the Overlapping SGP method is considered as a repeated clipping
process with ACE constraints.
The OSGP method is as follows:
xi+1(n) = xi(n) + μci(n) (5)
Where μm is a real step size with positive projections that determines the convergence speed, i is the iteration index
x0(n) is the initial signal and ci(n) is the clipping signal at the ith iteration after ACE. The original clipping signal ci(n)
is as follows:
ci(n) =
⎧⎪⎪⎨⎪⎪⎩0, |x
i(n)| ≤ A
(A − |xi(n)|)e jθ(n), |xi(n)| > A , 0 ≤ n ≤ (M + L − 1/2)N (6)
where e jθ(n) is the phase of xi(n) and A represents the clipping level. In general, we expect more PAPR reduction
with a lower target clipping level. However, the existing OSGP algorithms cannot achieve the minimum PAPR with
low target clipping level, because the reduced power by low clipping level increases the non-zero elements of clipping
signal. In view of the above analysis, an adaptive clipping based ACE algorithm is proposed in next section.
3. Proposed ACE Algorithm
The design idea of the proposed ACE Algorithm combines OSGP and adaptive clipping methods which is as shown
in the Fig.3. The time domain signal after IFFT is clipped by adaptive clipping level on the transmit side. Then the
domain signal which is clipped oﬀ is reversed and projected to the frequency domain by FFT. The constellation expan-
sion rule can be used in the frequency domain. If the clipping signal is in the extended direction of the constellation
points, it will remain unchanged if not, the clipping signal will be zero. The frequency domain signal after the judg-
ment is projected to the time domain and will generate the peak cancellation signal. The peak cancellation signal is
added to the original OFDM/OQAM signal and will oﬀset the large peak signal in the time domain.
Thus, the PAPR will be reduced greatly. During the operation of the algorithm, the modiﬁed step size μ is used
during iterative calculation as described in13, by considering the possible overlap for each symbol. The adaptive
clipping based ACE algorithm is implemented as follows:
Step-1:Parameters initialization.
i.Target clipping level is selected as A.
ii. Set up the maximum number of iterations I.
Step-2:By IFFT, The frequency domain data X is converted into the time domain signal x(n) , Where i = 0
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Step-3:Clip the time domain signal and obtain the signal xi(n)
x˜i(n) =
⎧⎪⎪⎨⎪⎪⎩x
i(n), |xi(n)| ≤ A
Aejθ(n), |xi(n)| > A , 0 ≤ n ≤ (M + L − 1/2)N (7)
Step-4:Compute the clipping Signal
c˜i(n) = x˜i(n) − xi(n), 0 ≤ n ≤ (M + L − 1/2)N (8)
Step-5:Adjust the clipping level A by means of Eq.(9)
Ai+1 = Ai 
√
1 − |c
i(n)|
Qip
(9)
where ci(n) is the clipping signal and Qp is the peak samples of signal larger than A.
Step-6:Demodulate clipping noise ci(n), to ﬁnd the extension regionsCim(k) where m and k represents the frequency
domain symbol and subcarrier, respectively. Maintain only those real components of symbols Cim(k) which fall within
the permissable extension regions and set the rest to zero.
1. Modulate Cim(k) to obtain the time domain signal of the corrected clipped symbol c
i
m(n).
2. Project the corrected clipped signal cim(n) onto the feasible region in ACE as
cim =
{cim(k)xi(n)}
|xi(n)| , n = mN/2 + k, 3N/2 ≤ k ≤ 5N/2 (10)
3. Find the peak Pm on the meaning full interval(i.e., the dotted line with possible overlap for each symbol) as
shown in ﬁg.2 and its corresponding positions npeakm as
Pm = max|xi(n)| (11)
where mN/2 + 3N/2 ≤ n ≤ mN/2 + 5N/2,m = [0, 1, ...,M − 1]
4. Compute the optimal step size μ by the below equation
μm =
Pm − |xi(n)|
cim(n) − cim(npeakm)
(12)
5. Minimum value of μm(n) is used as the scaling factor for symbol m
μm = min(μm(n)) (13)
cˆi =
M−1∑
m=0
μmc
i
m(n) (14)
Step-7: Obtain xi+1(n) by
xi+1(n) = xi(n) + cˆi(n). (15)
Step-8:Calculate the PAPR to judge whether the PAPR reaches the preset threshold or the system reaches the
maximum iteration number I. If one of them is satisﬁed, the iteration will stop; otherwise, let i = i + 1, return to Step
3 and repeat the iterative process.
Compared to the Overlapping SGP algorithm, the above algorithm uses (9), to adaptively control the size of clip-
ping level A, which is very important to obtain the optimal PAPR. The algorithm of this paper avoids the shortcomings
that if the value of A is too small, too many non-zero elements will emerge in the clipping signal ci(n) and if the value
of A is too large, the convergence speed will be slow. The modiﬁed step factor in (13) ensures the linear convergence
of the peak and small computation of the algorithm.
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4. Simulation Results
In this section, Matlab simulation is used to illustrate the performance of the Adaptive Clipping based Overlapping
SGP algorithm . The performance of the algorithm is described by Complementary Cumulative Distribution Function
(CCDF) curve of PAPR and BER. A critically sampled OFDM/OQAM system was employed with 64 subcarriers
employing QPSK modulation for 104 input data blocks and L = 4. And clipping ratio γ was chosen, and 3 iterations
are performed per transmit data block.
Fig.4(a) shows the achievable PAPR of OSGP algorithm and AC-OSGP algorithm for diﬀerent initial clipping ratio
γ after 3 iterations. We normalize threshold A with the power of the input signal and is deﬁned as γ = 20log10
( A
E|x(n)|
)
.
Simulation results show that the OSGP algorithm achieves minimum PAPR when the initial clipping ratio is set to be
6dB. The performance of OSGP algorithm is degraded when a low initial clipping ratio is set. However the AC-OSGP
algorithm can achieve the minimum PAPR even the initial clipping ratio is set to be a low value.
Fig.4(b) compares the complementary cumulative density function (CCDF) of POCS,OSGP and AC-OSGP algo-
rithm after 3iterations. The initial clipping ratio for three algorithms are set to be the optimal value obtained from
Fig.4(a). Simulation result shows that AC-OSGP algorithm can achieve a lower PAPR than OSGP and POCS algo-
rithms at the same iteration. For instance, after 3iterations, the PAPR reduction of AC-OSGP algorithm is 1dB larger
than that of OSGP and 3.1dB larger than that of POCS algorithms at CCDF=10−4. Therefore, the proposed adaptive
clipping based OSGP algorithm reduces the PAPR more signiﬁcantly and its convergence speed is the fastest.
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Fig.5 compares the BER of the three algorithms over an Additive White Gaussian Noise (AWGN) channel. In the
condition of the same Signal to Noise Ratio (SNR), the BER of original signal is the lowest, while the BER of other
two algorithms are very close. When the BER is 10−3, the SNR of AC-OSGP algorithm increases 0.3 dB compared
with the OSGP algorithm,the SNR of AC-OSGP algorithm increases 1.0 dB compared with the POCS algorithm
and increases 1.3 dB when compared to original signal. Since the proposed AC-OSGP algorithm improves the step
size and clipping level at the same time, BER of the AC-OSGP algorithm become slightly higher than the three
algorithms. In particular, the Adaptive Clipping Based Overlapping SGP algorithm introduces the adaptive nonlinear
clipping, the SNR of the Adaptive Clipping based OSGP algorithm become large and the BER performance declines
in the clipping process. However, compared with the improvement of PAPR, the degradation of BER performance is
completely within an acceptable range.
5. Conclusion
This paper presents an Adaptive Clipping based OSGP algorithm which combines OSGP and adaptive clipping
level by changing the clipping level and iterative step to reduce the PAPR. However, a minimum PAPR is achieved with
the proposed algorithm, even when the initial target clipping ratio was set below the unknown optimum clipping point.
The iterative step obtained by balancing the peak value makes the algorithms convergence speed fast and reduces the
amount of computational complexity. Simulation results show that the Adaptive Clipping based OSGP algorithm
makes PAPR reduce greatly. Though the BER of system increases, the increasing value is within an acceptable range.
The AC-OSGP algorithm improves the performance of the system, and achieves a compromise of PAPR, BER and
complexity.
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